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Objectives of the talk

An overview of physics in

B ResBos: Resummation for electroweak Bosons and their
decays in unpolarized pp or pp collisions

B RhicBos = ResBos adapted to compute longitudinal
single-spin and double-spin asymmetries in leptonic decays
of v*, W, Z in pp collisions

B Single-spin asymmetries in hadronic decays of W bosons — a
useful measurement complementary to the leptonic mode

Interruptions and questions are welcomel!
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Today’s focus is on...

B unpolarized parton
distributions: farp(®, Q) = £1/5(2,Q) + £,/ (2,Q)

a/p

Bl longitudinally polarized

parton distributions: Afap(z,Q) = f*/j( :,Q)ff(j/ff(x,Q)

B unpolarized cross sections: 1 o _
= 5 lo(p™p) + o(p™p)]

B single-spin cross sections

1 A
(£ 0if V — A interaction): Ao =3 lo(™p) = o(rTp)]

M single-spin asymmetry as
a function of W boson rapidity
W

dApo/dy
do/dy

Ar(y) =
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Two classes of subprocesses with 117 bosons

1: Resonant (s-channel) W boson production \ \ T g
B dominant parity-violating process /m
at Q ~ My, 7l Ve
B Leptonic decays: Br(IW — ev.) ~ 10.8% - u\\ W+ !
RhicBos /
B Hadronic decays: Br(W — hadrons) ~ 67% d i
2: Non-resonant scaftering into a dijet final state,
mediated by ~*, W, Z, and ¢, and interference terms
U d u U u U U U
E j §n’*i Z § g
d uow d d d d d ,efc.
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Leptonic decays
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pp and pp colliders:
accessible momentum fractions

LHC Tevatron RHIC
, @aTey)

B W+ af RHIC: access to
x ~ 0.1 in the experimentally
preferred region (Jy| < 2)

» valence PDFs at

x20.1
: : : ] i HE(lZO)
P | L R Az » sea PDFs at
10 s 100 0.1 1 3.102 <x<0.1
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Unpolarized cross sections and their PDF errors

O(a) (=NLO), for 1 lepton generation; CTEQ6 PDFs

| Boson | o (pb) |
w+ 124 + 9
W= 41+ 4
A 10.0+0.8

o(Wt):o(W™):0(Z)~1:033:0.08
(1:0.33:0.26 in hadronic decays)

W+ dominates if W /W~ /Z contributions are not separated
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W+ bosons as ideal polarimeters

e At Born level:
a/
N
5 \ & dAro(pp — T X) N
u d drqdxydcosOdp
’@/ —Au(zq)d(zp) (14 cos ) +
: +Ad(zq)u(zp) (1— cos §)?
u
—y E

A Spin asymmetries in W+ production
=) ~u(xa)d(Xp)  gre sensitive to the flavor structure of
the polarized quark sea

Q 2
4 ~ U, (x,)d(x ) Signature of 177 boson events: high-pr
charged leptons and Fr
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Leading-order A;(y)

;E e RJ{T;(; 51; O\ésp:bjool(iev
AV (4) —Au(xy)d(zy) + Ad(zg)u(xs) PAL(W)
1 = = L - |
o w(zg)d(xp) + d(zq)u(zp) 0Sp @ AL (W) AN
- { _A_?l'(qu)/l['('/ru)v To — 1 TR - Adrd
Ad(l'a)/ d(l.a)«, Ty — 1 0 B 5 B S—
Adi/id = “\“
Aw'i (7/) = 7Ad( (1)_1( Ib) = AU( ”)d(l b) B HERMES Semi Inclusive \\%]Aé/d
T ’ ( u)L_( ) —+ lL( ,(z)d(lrb) -05 _Dgllea;;éA“g' 2000) \‘\/ 1
= My \
_ —Ad(zq)/d(za), Ta —1 [ GS9SLO(A) ]
Au(xy)/u(ze), vp — 1 —— BS(Ag=0) 1
-1.0 .
167 16t

B guaranteed large asymmetries at x — 1
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Fully differential resummed NLO cross sections
(RhicBos - P. N., C.-P. Yuan, 2003)

B A fast Monte-Carlo integrator implementing ¢ resumnmation
at NNLL/NLO

effects of boson’s width and decay, electroweak corrections
unpolarized, single-spin, and double-spin cross sections

lepton distributions for realistic acceptance

available at MSU @+ resummation portal
(http://hep.pa.msu.edu/resum/), together with theory
infroduction, bibliography, etc.
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QCD factorization as a function of ¢,

(according to Collins, Soper, and Sterman approach)

Small-gr term Large-qr term Overlap term
/\5201_) << 3 < Q? /\ggc'j_) < qp~Q?
Pk iﬂﬂi
>w:%f§w< + < -
& )

M i-dependent PDFs
W Truncated

@& k) B Collinear PDFs perturbative expansion
B Sudakov function falz, 1) wy

5 / 2
S(z, kr) B hard matrix elements S~ ok 5~ ¢, In™ (qTQ)
> actually, their impact H of order N k=0  m=0 Q
parameter (b) space
tfransforms
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Resummed cross section for AB — VX

dQ?dydg} (2m)?

a,b=g, u', d

d . ) o e~ ]
M . Z / ()’7,/(“'.})1’1’7(111(}%Qal}é\:mr)’) +Y((]T>Qs1‘A,J7B)
(=) (=)

I’R’?ab(b: Q3 TA, :I;B) - |Hr1b‘ ()/78(b.(2)f(1('7;117 b)ﬁ[}(flfg, b)
S is the soft (Sudakov) function:

EQ2 l_2
se@)- [ 5

Jip @2

72
Al n B + Blas(m)

Pa(x,b) are b-dependent PDF's; if b* < Q 2,

ﬁa(l‘, b) N Z [Ca/(: ® ]L(’} (w?bﬁlF ~ %)

@

Y is the difference of the finite-order and overlap (asymptotic)
terms
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What is in latest ResBos?

B Resummation module for W and Z production — slow
(Legacy — Ladinsky, Yuan, 1993; Brock, Landry, P N., Yuan, 2002)

B Monte-Carlo integration module for W and Z decay and

matching of small-¢; and large-q, terms — fast
(ResBos — Balazs, Yuan, 1997)

Z boson P, after unfolding

‘;‘0.09 :_ Pesbon + PHOTOS CTEOS. 1m, o small-x cart
E0.0A = ﬁ‘ Plashios « PHOTOR CTEDS. 1m, with smallx covr|
S, oF |‘= o 00 Run 1l dst
Toor | ¥
] Ef L.
%0.06 3 .“, 5
o]\ 22ndf=16.8/13
X

008y ) DO Run II Preliminary
0.03[f N
002} R

0.01f .
E e~ S
L | L 1 L L o =
% 0 2 30 50
z P, [GeV]
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What is in latest ResBos?
Perturbative QCD contributions

B Finite-order Y term (large ¢):

» NNLO (= O(a?)) boson-level cross section
(Arnold, Reno, 1989; Arnold, Kauffman, 1991)

» parton-lepton spin correlations up to NLO (= O(as))

B Resummed W term (small ¢7)

» NNLL expressions for S(b, Q) and P(x, b)
(A®), B@, 0 coefficients)

» Two representations for the hard vertex function H
(Collins, Soper, Sterman; Catani, de Florian, Grazzini)

& produce similar predictions for vector boson production

» P(x,b) for c and b quark scattering in general-mass (ACOT-y)
scheme (Berge, P N., Olness, 2006)
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What is in latest ResBos?

Electroweak contributions at all ()

B W, Z width in effective Born
approximation

B ResBos-A: + final-state QED
radiation in W and Z production
(Cao, Yuan)

» both W term (2004) and Y ferm
(near completion)

B updated +* — 7 interference
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What is in latest ResBos?
Nonperturbative model at b > 1 GeV *:

W revised “b.” approximation + a power-suppressed term o b?
(Collins, Soper, Sterman, 1985; Konychev, P N., 2005)

B replaces BLNY model @rock Langry, en., vuany Used in Tevatron Run-2
My, measurements

700 " W-terms vs. data
/TH\J CDFZRun1(x0.89) =
600 T IY < D0 Z Run 1 .
<o A ; N Qiu-Zhang, g=0 (x 1)
B can opproximOTe a S /xﬂ me‘ BLNY —
variety of

300

200 /i ¥ N\Hﬁ~

nonperturbative models

(BLNY, Qui, Zhang; Kulesza, Sterman,
Vogelsang)

do/dQy (pb/GeV
s
o
o
L

Pavel Nadolsky (SMU)
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What is in latest ResBos?

Gaussian Fy p(b, Q) = b2 [0.20 + 0.19In(Q/3.2) — 0.026 In(100z 42 )]

B linear In @ dependence, in
quantitative agreement
with SIDIS ¢ fit and infrared

. Nonperturbative Gaussian smearing a(Q)

renormalon estimates aara N

B small \/s dependence g
® 0.6

B no tangible flavor %0_4
dependence 02
B supports dominance of soft 0

* E288
s E605
A CDFZ =
A DOZ —
¢ R209 _
e A 2
:,fi*%h a,=0.19 GeV
bmax = 1.5 GeV !

contributions in Fyp(b, Q)

B appliesat = > 1072

Pavel Nadolsky (SMU)

W/Z workshop, BNL
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What is in latest ResBos?

PDF reweighting and ROOT ntuple output

If the central PDF cross section oo and PDF uncertainty Ac? are
estimated by generating N Monte-Carlo integrator events for
each error PDF £ (xz, ;1) (i = 0,2\), their MC estimates are

o9 ~ 09 + and

N2
N
N2

Ac? ~ Ac? +

B o large factor of N ~ 22 in the MC error for Ac? due to
randomness of event generation for each PDF!

B need N2 more MC events to evaluate o2
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e
What is in latest ResBos?

PDF reweighting and ROOT ntuple output
B PDF reweighting generates the same sequence of events to
compute each of 2N cross sections
> Aoc? =~ Ao? + (9(1\7’71)

B In multi-loop calculations, PDF reweighting saves CPU time
drastically by reducing slow computations of hard-scattering
matrix elements

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 14



-
FROOT: « theorist-friendly interface for Monte-Carlo reweighting

B Written in C, can be linked to standalone FORTRAN/C/C++
programs

B Simple - 170 lines of the code

B Writes the output directly info a ROOT ntuple; no need in
intermediate PAW ntuples

B Flexible; new columns (branches) with PDF weights or events
can be added into an existing ntuple

B Kinematical cuts, selection conditions can be imposed a
posteriori in intferactive or batch ROOT sessions

B implemented in ResBos

hitp://www.physics.smu.edu/~nadolsky/projects.html
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FROOT: « theorist-friendly interface for Monte-Carlo reweighting

/7 These are the C functions accessible from Fortran.

extern "C" {
//Tnitialization of the ROOT file
void initrootnt (const char *title, const| char *access, int Lltitle, int laccess);
void reinitrootnt_(const char *access, int laccess);
void addntbranch_(float *element, const char *chtag, int ltag);
void fillntbranch_(const char *chtag, int ltag);
int getnumbranches_();
void rootntoutp_();
void printnt_();
void teststr_(const char *str, int lstr);

}//extern "C"

1.04

1.03

0.97

0.96

0.95
3

pp - (Z° - €' €) X, VS=1.96TeV

o(Eigenset 1)

mmr 900,000 ResBos events

— Reweighted
rrrrr Not reweighted

2 -1 0 1 2 3
Yz
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RHIC-specific challenges for W — (v

B O(a3,,) process at z ~ 0.1

» relatively small cross sections

» requires substantial luminosity (£ = 100 — 400 pb ")

B Neufrino 4-momentum is unknown

> @, vy, qr, Missing E7 are unknown

» PDFs must be deduced from d?c /(dpr.dy.) within PHENIX/STAR
acceptance, accounting for spin correlations in W decay

{» can be done using available NLO ftools (RhicBos, etc.)

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 16



e
do /dy. for charged lepton rapidity .

At Born level:

dALo(WEX)  27aq [¥mHe)

4 dy sin® 0,
dy. g Yy sin“ 0,

min

Ymin (P

X {Aq(ﬂca)q’(mb)(le c0s6.)? + A7 (z4)q(xs) (1% cos 96)2},

with cos 6, = tanh(y. — y)
Wtig=u,§=d
W~:iq=d,q7 =1

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 17



e
do /dy. for charged lepton rapidity v,

RHICBOS W simulation at 500GeV CME (P=0.7 L=400pb")

208 F N siit 208 Furp; s socevi 4
< 0.7 < 0.7 3 |
0.6 ! 0.6 f
05| L o5 e W Positrons from W+ — efu,
PP B 03 iyt tend fo scatter backwards
ot et vl 0TE A e in the 1 rest frame=-
) SIS VO il 112 ) 3« SN S ol -
Y L S A S _0_15‘7”1””mmHH o
R 2 = A T > sensitivity to Au(x) af
Sosf 1 2o Ye S0, Ad(z) at y. ~ 0
Y 3 T Y L o (at variance with
0 oSSR | 5 | = common intuition)
0.2 -l 0.2 B | .
. e et N I s enenettn | » manageable, but a bit
04 F i 0.8 Pt it g2 contrived
o.si‘”m 05 ¢
-2 1 0 1 2 2 -1 0 1 2
Ye Ye
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Dijet decays
E. Berger and P. Nadolsky, Phys. Rev. D78, 114010 (2008)
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Resonant 1V boson contribution to
pp — jet+jet+ X

B The hadronic mode is complementary to the leptonic mode:

» W boson’s virtuality @ and rapidity y can be established
approximately by equating them to the dijet invariant mass
and rapidity

» Contributions mediated by W bosons dominate over W~
and Z° contributions; the PDF dependence of do /dy closely
resembles that in W+ boson production

» No smearing of PDF dependence by spin correlatfions in
W decays (especially relevant for Ad(z, Q))

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 19
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Hadronic mode at RHIC and other colliders

Observation of the hadronic mode at RHIC is much easier than
at the Tevatron/LHC, slightly harder than at SppS

H relafively low backgrounds, especially for parity-violating A

B largest QCD backgrounds are parity-conserving; can be
subtracted using a side-band tfechnique

B low @ resolution is sufficient (not an electroweak precision
measurement as at the Tevatron)

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 20



e R
W = hqdrons qt Spps (PLB186, 452 (1987))

ol T T W pj— WX, /s =630GeV,
W L£=073pb Lz ~013

B 30 signalin the
dijet mass (m = Q)
distribution

B background/signal> 20
(RHIC: = 30; Tevatron: = 570)

200 -

un
=

(m/100 dN/dm (Gev®)

=
=3
T

B background is smooth

B can be interpolated from
i N the sidebands in Q and

L0 50 60 ma(%ev)mo 120 150 200 OTher VOrlObIeS

B Mass resolution dm = 8 — 9 GeV

B 1 and Z peaks are not separated

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 21
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Calculation of the dijet cross sections

B Compute pp — jet + jet + X, approximated by 2 — 2
exchanges of VV = g, v*.W*, Z%in the s, t, and « channels;
orders azy, . asapw, and a2

B Cross sections are fully differential in the momenta of two
jets; allow acceptance cuts

B MadGraph for generation of cross sections and MadEvent
for phase-space Monte-Carlo infegration. Programs operate
with helicity-dependent scattering amplitudes, but typically
the amplitudes are summed over all helicity combinations to
produce spin-averaged cross sections.

» modified MadEvent to evaluate single-spin cross sections
(available upon request)

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 22



R ———N—————
Calculation of the dijet cross sections

B Include contributions from w, d, s, ¢, and g
B Factorization and renormalization scales: jp = pur = Q

B Impose constraints p;; > 25 GeV and |y;| < 2 to reproduce
approximately the acceptance of STAR

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 22
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Unpolarized dijet mass () distributions

pp - jiXxNS=500Gev | e e M CoONtinuous event distribution

%\104 LB ] frOmQCDOnd
3 a0z, | electromagnetic scattering (g
~1n3 B — .
2 and v*) dominates
=} ]
102 4 M "Signal region” = region in

which @ is close to My, (e.Q.,
70 < @ <90 — 100 GeV)

W Even in this region, the
spin-averaged W and Z
4 contribution is no more than a
oo few percent of the full event
Q (GeV)
rate

2
Og Ogy + Oy

Bl
60 70 80 90 100
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Unpolarized cross section: flavor separation

pp - ij,\l§: 500 GeV, QCD channels only

3 M ; stands for both quarks and
g antiquarks

g1’k

S B ¢q (¢¢') stands for scattering of

the same (different) quark flavors

i
o
S
T

W All PV signal has two
quark-initiated jets (¢¢")

B 75% of the background is from
@ 99 — g9 And gg — gg with 1 or 2
Lo~ a7 gluon-initiated jets

B S
60 70 80 90 100 110 120
Q (GeV)

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 24



Unpolarized cross section: flavor separation

pp - jjX,\'S = 500 GeV, QCD channels only pp - jiX, \S = 500 GeV

-—
[p. > 25 GeV, 70 < Q < 90 GeV ]

do/dAy (nb)
o
o

=
(=)
w
TITTT

All QCD
qg - a9
faa - aa’
“l99 - 99

do/dQ (pb/GeV)

IN
o
T

1 anqep

=
o
o
T

30

20f

10F

99 - qd
qd - g9

Bl i v e (e s JESNo i E TR el (Lol Il

60 70 80 90 100 110 120 GO b ’ 608 1 12 14 16 18 2
Q (Gev) By =Ty,

B Ay =y — yo probes dependence on the decay polar angle 6;

Ay = 2tanh~!(cos§) at LO

B do/dcosf and do/dAy of the qg, gg backgrounds are different
from those of the ¢¢’ signall

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 25



e
Quark-like jets look differently from gluon-like jets

LEP and Tevatron: typical g-like jets have a larger multiplicity and
broader jet shapes than «, d, s-like jets

OPAL (LEP), EPIC11(1999)217
i T T T RS

ai B | OPAL 1

Bl Similar differences must exist B | b By Jets
= ¢ uds jets

OT RHIC ..D- 0.06 Herwig 5.9
O E B Jetset 7.4

B /5% of the background e ]

events contain a g-like jet; A (y) om g E

is enhanced by a large factor L R R T N

by excluding such events Doy,

(”’Char‘gcd)g jet — 151 i 004

<n’('ll,(l,l'_(](’{]> u,d,s jet

Further details: B. Gary & N. Varelas at 2009 CTEQ Summer school
(http://www.phys.psu.edu/~cteq/schools/summer09/), and refs therein

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 26
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Spin-dependent dijet production

dApo/dy N

do/dy D

AL(y)

B Parity violation needed to obtain a non-zero N arises solely
from ¢q confributions with intermediate W and Z bosons

B The magnitude of Ay for 70 < Q < 90 GeV may be
enhanced by applying a “side-band background
subtraction” to D

B In this calculation, we approximate the “subtracted” D by
the O(asapw + a%y,) Uunpolarized cross section

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 27
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Spin-dependent dijet production

pp - jiX,\'S = 500 Gev

< [ Wl seBrashraior] NG SUBRaehen
: %—k—r-_,_ﬁ__,_ _______ 1 ®Dis dominated by large O(a?)
: =+ ] terms

' + W A; is small
DNS’2005 LO1 PDF's 7]

""" W Different A, ,, cannot be
discriminated

-0.01[~
| s DNS'2005 LO2 PDF's

) = -1 I B
0,02 [-L=160pb% P, =07 ]
[ p,;>25GeV, |y| <2,70 <Q <90 GeV

Lot b b b
-1.5 -1 -0.5 0 0.5 1 85)

Error bars are projected statistical uncertainties
for £ =160 pb ™', Py = 0.7
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Spin-dependent dijet production

pp - jiX,\'S = 500 Gev

40,17‘H‘HH_“H.“H"duu‘u.ui
F With side-band subtractiorn
-0 Em'_l_——*-’ _______ -

i iy
0.1 —
+ ........
_02 B 3
03 E
2

04 B
N DNS'2005 LO1 PDF's 1
o5F e DNS'2005 LO2 PDF’s 4
-0.6 [-L=160 pbi P =07 .
I pn>25 GeV, |y1|<2, 70 <Q <90 GeV 1
Buicaa o oo ol o oo ol o hn oS ISnSnun RS

RN ) 05 T 15
y

With subtraction

B O(a?) terms, other
non-resonant contributions are
measured at ) < 70 GeV and
Q > 90 GeV; interpolated and
subtracted from D at

70 < Q <90 GeV

W A, is enhanced; statistical
errors remain reasonable

W Sensitivity to A/, , is improved

Error bars are projected statistical uncertainties
for £ =160 pb ™', Py = 0.7

Pavel Nadolsky (SMU)

W/Z workshop, BNL
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e
Sensitivity of A; to Ag

Ay, for production of jet pairs, after side-band subtraction

pp - jiX,\'S = 500 Gev

L 160 pb P —O 7
eam

< 017___' P, >25GeV, |yJ|<2 70<Q<9oGev
s | Wlth side-band subtraction

g ] For y < 0, pronounced
0,05 foogo N et o = variations in A; due to the

e -
oif | EEEE variation of Ad(z, Q)
I | DNS'05 NLO1 ]
-0.15 - | — — — varied Ad =
F | [T varied AT ]
-0.2 _! - varied Au 0, +2%) {
:_ N T - varled Ad ]
D25 1 55"

0
y
The black curve corresponds to the DNS2005 NLO PDF set 1. The pairs

of other curves contain the ranges of A, obtained if
Aq = [y dz Ag(x,3.16 GeV) is varied within Ax?/x2,,,, < 2%
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Discussion
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Data-driven search for resonant 1 — jet + jet contributions

Ar(y) is most accessible in the signal region:

Q= My £10—15GeV, pr; 225 GeV, |y1; —y2j| 1

~

The measurement can be based on the following strategy:

1. Discard events with gluon-like jets (wide, large multiplicity) to
the best of one’s ability

2. Precisely measure the smooth background
outside of the signal region

3. Use this measurement to predict and subtract the
pbackground inside the signal region

4. Look foralarge Ar(y) aty > +1
(driven by alarge Au(x)/u(xz) at 2 — 1)

5. Measure moderate Ay (y) aty < —1

to constrain Ad(x)/d(z) at z < 0.1

Pavel Nadolsky (SMU) W/Z workshop, BNL 06/24/10 31



e
Next-to-leading order

B A more precise calculation must include NLO QCD
contributions. These increase predicted rates and stabilize
hard-scale (1) dependence.

B Backgrounds in the denominator of Ay (y) will be larger

B Comparably large enhancements in the numerator due to
agaw terms (Moretti, Nolten, Ross, Phys. Lett. B643, 86 (2006))

B Predicted magnitude of A; could remain largely unaffected

B Could lead to a decrease in 6A;, since 0A o< 1/1/Nynp
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Flavor composition of QCD-EW interference in
dijet decays

pp  jiX, \'S = 500 GeV

do/dQ (pb/GeV)

50 [T T
[ Interference: initial-state composition

5 J pT1>25 GeV, |yl|<2
30 F

a0 .

1 ®m Large resonant ud, di

| contributions cancel when
infegrated over a ) range
centered around My,

B Smaller non-resonant wu, dd,
ud conftributions survive

q =
All channels == ud, du
QE— o == T, dd ]
) Ol T IR
60 70 80 90 100 110 120
Q (GeV)

Pavel Nadolsky (SMU)

W/Z workshop, BNL 06/24/10 KZ



Parity-violating spin asymmetries in polarized pp scattering

with hadronic final states
Arnold, Metz, Vogelsang, arXiv:0807.3688; Arnold, Goeke, Meiz, Schweitzer, Vogelsang, Eur.Phys.J.ST 162 (2008)

s= (500 GeV)?
B Focus on 1 jet-inclusive o — o
d?a /dy;dpr; (inclusive in Q, y2;. ) oocs =
jAPT: . . \
. -0.005
» our 2 jet-inclusive calculation < S
imposes lower cuts both on @ 002 _
and pr; (better background ) PR
reJeC-hon) 0 20 40 GOPT/SGOeleO 120 140 160
s= (500 GeV)?
B Estimates are made without =
side-band subtraction = oa| T e
0 0.05
‘AL| <2-3% 2 a
-0.05
-0.1
-0.15 p+tp->c+X
70.20 20 40 60 80 100 120 140 160

py/ GeV
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e
Parity-violating spin asymmetries in polarized pp scattering

with hadronic final states
Arnold, Metz, Vogelsang, arXiv:0807.3688; Arnold, Goeke, Meiz, Schweitzer, Vogelsang, Eur.Phys.J.ST 162 (2008)

Backgrounds can be suppressed by re- - 5= (500 Gev)?
quiring a final-state ¢ quark o1 T oy
0.005 T SOy
© A, increases - ~d
< om
® event rate is reduced by experimen- o
tal charm tagging (not included here) 0025 [ P +p->jet +X
-0.03
0 20 40 60 80 100 120 140 160
(?) net effect needs further study prl Gev
s= (500 GeV)?
0.2 —— a0
Our MadEvent calculation allows ORI arenw
selection of final-state ¢ quarks or other 005
" . . & 0
particles (leading pions, etc.) to e
suppress the QCD background o
-0.15 p+tp->c+X

-0.2

0 20 40 60 80 100 120 140 160
py/ GeV
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e
W — hadrons at the Tevairon

(J. Pumplin, PRD45, 806 (1992); U. Baur et al., hep-ph/0005226)

! Diptmass | W pp— WX, \/5=18TeV,
‘l_\ evatron r ~0.04
1 W background/signalx 570
T 1 B After an angular cut in
Il thelV’ rest frame:
s background/signal~255
[ S4B QQ/W ~ 22, QG/W =~ 101,
i L ? GGJW =~ 132
' Signaix10 - ———__ 1 W massresolution
e 5M;; > 0.5 GeV

80 80
My [GeV]

B of no use for My, measurement, unless the gluon
background is drasfically reduced
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Distributions in Ay - difference of jet rapidities

PP — iiX,\'S = 500 Gev P, >25 GeV, Iy <2,70< Q <90 Gev

T T T T T T T
2 2
aS + aSuEW +uEW

doldAy (pb)
\ L

10°

Full O(a2 + asapw + aZy,) Cross
section is peaked strongly at
large |Ay| . The O(a3,y,,) and
O(asapw + a3y,) Cross sections
have flatter Ay dependence

|

10?

10

T

£ ow)

a(All channels)
P T S N
02 04 06 08 12 14 16 18
dy=1ly,yl

=
T T

[N T S I T
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Leptonic decay mode
pp — (W — )X at /s = 500 GeV

B "Theoretical clean” process

» mostly ud — W+ or di — W—; small contributions from s, ¢, b, ¢

» relatively simple QCD and EW higher-order contributions

B Flavor sensitivity through the CKM matrix

B good sensitivity to quark sea at scales of order My,
(pp scattering)

B single-spin measurements cleanly constrain Ag, Ag
» complications of low-Q (SI)DIS are avoided
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Quark flavor composition, unpolarized

W™ and W~ contributions

pp - jiX, \lS =500 Gev W contributions only

< —~JAll channels
Eloz i i B Figure identifies contributions

proporfional to  u(z.), @(za).
d(z,), and d(z,)
: B The combined W= cross sec-
wp L . tion is dominated by

i IR » u(x,) contributions at y > 0

<0 » d(z,) contributions at y < 0

bl — as N resonant T produc-
’ tion
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Quark flavor composition, unpolarized
O(asapw + a3y,) contributions

W™ and W~ contributions

y (pb)

i do/d
U

10

1

=il

pp - jiX, 'S = 500 GeV

W contributions only

1
o
Lo 8

H N
p,>25 GeV, [y <2,70 < Q<90 eevéx\
PN IR A

All channels | |

J =il.2 -0.6 0

I Lo
0.6 12

1.8

y

do/dy (pb)

i
o

10

pp - jiX, IS = 500 GeV

aZy + A 0, contributions

18
y

Sensitivity to d at y < 0 is preserved despite QCD-EW interference,
after integration over 70 < Q < 90 GeV

Pavel Nadolsky (SMU)
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